Automated dental identification system is computer-aided software for the postmortem identification of deceased individuals based on dental characteristics specifically radiographs. This system is receiving increased attention because of the large number of victims encountered in the mass disasters and it is 90% more time saving and accurate than the conventional radiographic methods. This technique is based on the intensity of the overall region of tooth image and therefore it does not necessitate the presence of sharp boundary between the teeth. It provides automated search and matching capabilities for digitized radiographs and photographic dental images and compares the teeth present in multiple digitized dental records in order to access their similarity. This paper highlights the functionality of its components and techniques used in realizing these components.
INTRODUCTION
Forensic odontology has been defined by the Federation Dentaire Internationale (FDI) as that branch of dentistry which in the interest of justice, deals with the proper handling and examination of dental evidence and with the proper evaluation and presentation of dental findings. It primarily deals with identification, based on recognition of unique features present in an individual's dental structures. 1 Dental features are primary candidates for postmortem (PM) human identification, since they resist the early decay of body tissues and withstand severe environmental conditions. 2 Automated dental identification system is computer-aided software for the postmortem identification of deceased individuals based on dental characteristics and is comprized of a search and retrieval stage based on potential similarities and a verification stage to match, based upon the comparisons of dental images. It provides automated search and matching capabilities for digitized radiographs and photographic dental images and compares the teeth present in multiple digitized dental records in order to access their similarity. 3 
HISTORICAL BACKGROUND
Positive identification methods involve comparison of antemortem (AM) and postmortem data that are unique to the individual. Positive PM identification methods include dental comparisons, comparisons of fingerprints, palm prints or footprints, DNA identification and radiographic superimposition. 4 Forensic odontologists rely mainly on dental radiographs for PM identification and other types of records utilized are oral photographs, denture models, etc. They compare the morphology of dental restorations such as fillings and crowns of the unidentified persons to those of candidates in the missing persons file. With the significant improvement in the dental hygiene of the contemporary generations and the deployment of some materials with radiolucent properties in the fillings and restorations it is becoming important to shift to identification decisions based upon inherent dental features. 5 These features include root and crown morphologies, teeth sizes, rotations, interteeth spacing and sinus patterns. Manual radiograph comparison is a highly time-consuming process that requires high levels of skill and accuracy. With the increased volumes of both dental records and victims, the task of the forensic odontologists becomes tedious, more difficult and more time consuming. Hence, computer-aided dental record comparison systems become the proper means for manipulating large volumes of data while maintaining accuracy, consistency and low running cost. In 1997, the criminal justice information services division of FBI created a dental task force to improve the utilization and effectiveness of the national crime information center's missing and unidentified persons file. Therefore, it recommended the creation of digital image S361 JIAOMR repository (DIR). There have been several attempts to develop computer-aided postmortem identification systems, the most well known of these systems are the computer assisted postmortem identification (CAPMI) which is a computer software that compares between dental codes which are manually extracted from AM and PM dental records and WinID which is a computer software that matches missing persons to unidentified persons using dental and anthropometric characteristics to rank possible matches. The dental codes used in WinID are the extensions of those used in CAPMI. However, the existing systems provide merely a small amount of automation and required a significant amount of human intervention. Therefore, Dr Eiko Kosuge and colleagues in Japan developed the automated dental identification system (ADIS) with government support under grant no. EIA -0131079 from the National Science Foundation. 4 It is a process automation tool, for postmortem identification that is being designed to achieve accurate and timely identification results with minimum amount of human intervention 6 and containing the ability to search subject dental records from the DIR to find a minimum set of candidate records that have high similarities to the subject based on image comparison. 4 
FUNCTIONALITY OF ADIS
At a high level of abstraction, the functionality of ADIS can be described by any one of these uses; 6 that is either by identification of the subject or by maintaining the system. The process of identifying a subject is initiated when a user submits the subject's record (containing image and nonimage information). The result of identification should be a shortlist of candidates whose reference records are retrieved from the DIR and presented to the forensic expert who takes a final decision about the identity of the subject missing or unidentified person. The process of maintaining the system primarily includes: (1) Updating the repositories (adding/purging) reference records. (2) Evaluating the performance of the system. (3) Updating the matching techniques as changing system parameters, changing component realizations. (4) Reporting problems or substandard performance.
ARCHITECTURE OF ADIS
An automated dental identification system comprises of the following ( Fig. 1 to a server via a network: It comprises of the network (the internet, a local area network, a wide area network), the client (computer system such as a laptop, desktop), and the server (computer system having a processor circuit, having a processor and a memory, both of which are coupled to a local interface).
Searching dental records database via said data communication and creating candidate list:
It comprises of potential matches, searching wherein said dental record database is digital image repository or a database uploaded for a specific event. Potential match search component manages archiving and retrieval of dental records based on high-level dental features and produces a candidate list. 4. Comparing a subject dental record to the candidate list to categorize potential matches: It further comprises teeth alignment, low-level feature extraction and decision making.
4

RECORD PREPROCESSING
The record preprocessing component handles dental records cropping into dental films, grey scale contrast enhancement of films, classification of films into bitewing or periapical, segmentation of teeth from films and annotating teeth with labels corresponding to their location. These steps are described as follows: Cropping is the segmentation of individual dental films from given dental records (Fig. 2) . A three-phase approach is applied for record cropping based on the concepts of mathematical morphology and shape analysis. In the first phase, the background layer of the image is extracted and in the second phase, where the cropping should occur is decided. For round corner component, two types of V-corners are present. For 90 o V-corner, the straight edge indicates where the cropping should occur and for 180 o V-corner, it is symmetric with respect to the target cropping line. In the final phase, the size and shape of each component is checked to eliminate the nonfilm object and to put it back to the background layer. 4 Enhancement of a dental radiograph is the process of producing an improved quality image out of a degraded quality input image of a dental radiograph (Fig. 3) . During dental film gray contrast enhancement, a contrast-stretching step can be applied using a parametric sigmoid transform to improve the performance of teeth segmentation. 4, 6 Film type detection is an important substep in ADIS preprocessing, as using the appropriate teeth segmentation algorithm and its parameters depend on the type of film. The main types of dental radiograph films considered in ADIS are bitewing and periapical films (Fig. 4) . The approach for film type detection is based upon principal component analysis. 4 Teeth segmentation consists of segmenting radiographic images into regions, where each region contains each individual tooth in it, rather than extracting the exact contour and is an essential substep for extracting the teeth regions from the dental film (Fig. 5) . The segments can be used in the later subsequent aspects of the identification process. 4, 6 In the labeling phase, the connected pixels can be grouped in the thresholded image. The pixels of the binary image produced in the enhancement stage are grouped according to their connectivity and assigned labels that identify the different connected components; 4 however, certain problems are associated with the segmentations, these are as follows: 1. The digitized dental X-ray record of a person often consists of multiple films (Fig. 6) . Thus, the global segmentation
S362
JAYPEE
Fig. 1: Block diagram of ADIS
problem consists of cropping a composite digitized dental record into its constituent films. 7 2. Each cropped film will contain multiple teeth (see Fig. 6 ), therefore, the local segmentation problem involves isolating each tooth segment (as a rectangular entity) in order to facilitate the subsequent extraction of features like contours of the crown and root for tooth classification and identification. 3 3. The contour of each tooth has to be estimated from individual isolated segments.
3
POTENTIAL SEARCH MATCHING COMPONENT
Potential search matching is a step where high-level dental features (e.g. number and position of teeth/dental objects, etc.) are used to generate an 'initial' candidate list. 8 This component extracts the high-level dental features and stores it in the DIR, 
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JIAOMR then it retrieves a list of candidate images for every subject image and the retrieval, matching speed and performance can be enhanced by using the dental codes provided by criminal justice information services division (CJIS) that currently exist in the National Crime Information Centre (NCIC). 6 In extracting the high-level features, there are two methodologies adopted in ADIS, the first one focuses more on extracting the contour of roots and crowns that are usually important in periapical images. The second methodology focuses on extracting the contour of each individual tooth in bitewing images. 9 Extracting the contour of an individual tooth is a very important step in automated dental classification and identification, extraction of tooth contour is done with edges or without edges. As digital X-ray images of the teeth usually do not exhibit sharp edges, therefore the tooth contour is preferably extracted without edges because this technique depends on the intensity of the whole tooth region and not just the edges. 3 The DIR is a central system, which allows the voluntary archival, storage and retrieval of the digital images relating to missing and unidentified person investigations. The DIR will serve as an electronic centralized location where law enforcement agencies can submit digital images of dental X-rays and other information regarding missing and unidentified persons. In addition, it will help the forensic scientist to access the DIR in order to study the available images for quickly determining exact match. The repository will contain the image information as well as nonimage information for each missing/unidentified person. The procedure of DIR archiving is carried out after extracting dental features from each case's dental images. 6 
IMAGE COMPARISON
Once the list of the candidate images are created, they are fed to the image comparison stage. Image comparison matching is a step where dental images from the subject record and the candidate list are examined at a fine-scale in order to produce a ranked short match list. 8 The image comparison is further divided into teeth alignment, low-level feature extraction and decision making. In the alignment step, pairwise region of interest alignment independent of their orientation, scale and translation is conducted. In the low-level feature extraction, a set of nonlinear filters to map the region of interest in the corresponding feature spaces may be utilized and the decisionmaking determines the match status of the subject/candidate record pair and accordingly whether the candidate record should be placed on the match list. The outcome of the comparison is 
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4. It adjusts and corrects the distortion that appears in radiographs.
DISADVANTAGES OF ADIS
1. Nonavailability of the antemortem records. 2. Dental features may change with time, specifically if PM images were captured long-time after the AM were captured, that will cause difficulty in matching. 3. The distortion of teeth leads to nonfunctioning of the system.
CONCLUSION
Automated dental identification system is a new hightech system in the field of forensic odontology. Owing to the survivability and the diversity, dental features are widely accepted among forensic scientists, as characteristic for positive postmortem identification. ADIS will provide automated search and matching capabilities for digital X-ray and photographic images, which is receiving increased attention nowadays because of its accuracy, timely identification and reduction in the workload with the minimal amount of human intervention for resolving the cases of missing and unidentified persons, especially with the large number of victims encountered in mass disasters. a short match list ranked according to the probability of match between the subject record and each qualifying candidate record. 4 Finally, the short match list is presented to a forensic expert who examines the radiographs of the subject against those of each record in the short match list.
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ADVANTAGES OF ADIS
1. It is more consistent and accurate than other systems. 2. It dramatically cuts the workload by 95%.
3. It has a low running cost. 
